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Abstract

Fruits from Pterodon species are commercially available at medicinal flora markets, being largely used in
folk medicine by its anti-arthritic, analgesic and anti-inflammatory actions. This study compared the antinoci-
ceptive and anti-inflammatory potentials of the ethanol (EEPpg), hexane (HEPpg) and dichloromethane
(DEPpg) extracts from Pterodon polygalaeflorus Benth. fruits. Inhibition of nitrite production by RAW 264.7
cells, determined with Griess reagent, presented IC,, values of 11.93 pug/ml (EEPpg), 6.02 pg/ml (HEPpg) and
11.86 pg/ml (DEPpg). In the air pouch model, all extracts reduced the total number of leukocytes in the
exudate at all tested doses, in relation to control group, the highest inhibition being observed with HEPpg
(62.3%). Macroscopic analysis of the pouch tissues showed reduction of inflammatory signs (redness, vasodi-
lation) on treated mice, mainly with HEPpg, which also reduced microscopically the tissue thickening and
leukocyte infiltration. The highest antinociceptive potential (100%) in the writhing test was observed with
HEPpg. Phytochemical analysis identified 90% of extract’s content, composed by sesquiterpene hydrocar-
bons, oxygenated sesquiterpenes and furan diterpenes. HEPpg was the extract with the highest anti-
inflammatory and antinociceptive actions and comparison with literature data suggests a synergy of com-
pounds due to higher antinociceptive activity with a lower dose than that observed with isolated vouacapan
derivatives.
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Introduction

Inflammation is a body physiological response to
physical damage, microorganism invasion or im-
mune response to antigens or irritating chemicals
[1]. When the inflammation regulatory mechanisms
are lost, the response becomes pathological, giving
rise to several diseases such as osteoarthritis,
multiple sclerosis, psoriasis and chronic asthma [2,
3]. Many of these diseases are debilitating and
increasingly common in the current aging society.
Nonsteroidal anti-inflammatory drugs and glucocor-
ticoids are among the various therapeutic approa-
ches currently used for the treatment of inflamma-
tory diseases, and several side effects have been
associated with their prolonged use [4]. This way,
the World Health Organization (WHO) has been
encouraging the study of traditional plants since
1977, which represents an important source of
bioactive substances. There are over 500,000
species worldwide, with approximately 120 thou-
sand of them found in Brazil [5], many without
scientific study of their properties.

The genus Pterodon (Leguminosae, Fabaceae)
comprises five species native to Brazil: P. abruptus
Benth., P. apparicioi Pedersoli, P. polygalaeflorus
Benth., P. emarginatus Vog. and P. pubescens
Benth., popularly known as sucupira branca. The
fruits from Pterodon species are commercially
available at the medicinal flora market, being largely
used in folk medicine to treat rheumatism, arthritis
and by its analgesics and anti-inflammatory proper-
ties [6, 7].

Data from the literature show that the essential
oil of Pterodon polygalaeflorus Benth fruit modula-
tes acute inflammation and lymphocyte activation
[8] and that the hydroalcoholic extract presents
antinociceptive effects [9]. Otherwise, higher anti-
inflammatory [10] and antinociceptive [11] effects
have been demonstrated for P. pubescens samples
obtained with solvents of different polarities. The
hexane subfraction showed higher acute and topic
anti-edematogenic potential than the original
ethanol extract (OEP) [10, 12], and the evaluated
antinociceptive property of Pterodon pubescens was

also increased after subfractionation with dichloro-
methane [11], instead of hexane fraction. In addi-
tion, the hydroalcoholic extract of P. pubescens
seeds (HEPp) presented anti-arthritic [13, 14] and
immunosuppressive activity [15].

Based on the diversified studies demonstrated
for Pterodon species and on the findings of diffe-
rent intensities of the observed effects, depending
upon the extraction procedure, in this study, we
compared the chemical composition and the
antinociceptive and the anti-inflammatory activities
between the ethanol (EEPpg), hexane (HEPPg) and
dichloromethane (DEPpg) extracts from Pterodon
polygalaeflorus fruits.

Material and Methods
Plant material and extraction

The taxonomic identity of Pterodon polygalaeflo-
rus Benth. (Leguminosae/Fabacea) was confirmed
by Haroldo Cavalcante de Lima, from the
Department of Systematic Botany, Jardim Botanico
do Estado do Rio de Janeiro, Brazil, where a vou-
cher specimen has been deposited (RB 350278, July
1999). Pterodon polygalaeflorus fruits were powde-
red in liquid nitrogen and submitted to maceration
(10 ml/g fruit) with ethanol, hexane or dichlorome-
thane, at room temperature for 15 days. Following
solvent evaporation (rotary evaporator) the ethanol
(EEPpg), hexane (HEPpg) and dichloromethane
(DEPpg) extracts were obtained yielding (w/w)
33.9%, 32% and 39%, respectively.

To in vitro assays extract samples were dissolved
in ethanol and then diluted with a supplemented
medium consisting of Dulbecco's Modified Eagle
Medium (DMEM) with 10% fetal bovine serum (FCS)
(Cultilab, Brazil), penicillin (70 mg/l) and streptomy-
cin (100 mg/l) to a final ethanol concentration of
0.16%. To chromatographic analysis, samples are
dissolved in methanol at 10 mg/ml and for in vivo
assays extracts were prepared with 15% ethanol
1.25% Tween-20 (vehicle). Control experiments did
not show an altered response due to oral administra-
tion of the vehicle in the concentration used [11].
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Animals

Male Swiss Webster (SW) mice with 25-35 g body
weight (b.w.) were kept at 25°C in 12 h light-dark
cycle and maintained with water and food ad
libitum. For each experiment, mice were randomly
selected into groups comprising five per cage.
Studies were carried out in accordance with current
guidelines on the care of laboratory animals and
ethical guidelines on the investigation of experi-
mental pain in conscious animals [16] and under the
consent and surveillance of the Ethics Committee
for Animal Research of the Institute of Biology of
the State University of Rio de Janeiro (CEA-IBRAG
committee/protocol 05/2009 and 007/2013).

Chemicals

Acetylsalicylic acid (ASA) was acquired from
Merck, Brazil. Carrageenan A, 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide (MTT),
ribonuclease A, indomethacin, Dulbecco's Modified

Eagle's Medium (DMEM), sodium dodecyl sulfate
(SDS), Tween 20, were purchased from Sigma
Chemical Co., St Louis, MO, USA and fetal bovine
serum (FBS) from Vitrocell, Brazil. HPLC grade N-
hexane 95%, ethyl acetate, ethanol 100% and dichlo-
romethane were purchased from Tedia, Brazil and
purified paraffin from Proquimios, Brazil. All other
chemicals and reagents used were high-grade
purity.

Cell line

Mouse macrophage cell line RAW264.7 obtained
from Rio de Janeiro Cell Bank (Rio de Janeiro, Brazil,
Oct 2000) have been cryopreserved in liquid nitro-
gen and used for the in vitro analysis. This cell line
originated from a tumor induced in BALBc mice by
the Abelson murine leukemia virus, being negative
for immunoglobulin expression and Thy 1.2 on its
surface. For the experiments, the cells were cultu-
red in a supplemented medium (DMEM with 10%
FBS) at 37°C and 5% CO, humid atmosphere being
the passages held every 48 h.

MTT Cytotoxicity assay

RAW 264.7 cells (5 x 10* cells/100 pl/well) were
cultured (triplicates) in 96 flat-bottom-well plates
(Becton Dickinson Labware, USA) for 24 h at 37°C,
with 5% CO, to the cells’ adherence. The cells’ were
then incubated with different concentrations of
samples (EEPpg, HEPpg, DEPpg) for 24 h at 37°C and
5% CO, The cells survival was determined by the
MTT assay [17] adding 10 pl/well of stock solution of
MTT 5 mg/ml in phosphate-buffered saline pH 7.4
(PBS). Following incubation for 2 h, 100 il/well of
SDS 10% solution in 0.01 N HCl was added. The
extent of formazan crystal production was measu-
red by absorbance at 570 nm (microplate reader
iQuant, Bio-Tek Instruments, Inc.). Extract/fraction’s
samples were not added to the control cultures.

No cytotoxicity was observed with control
cultures that received only 0.016% ethanol in the
supplemented medium (diluent of samples). The
results are expressed as percentage of mitochon-
drial reducing activity (MRA) in relation to control
group (absorbance value considered as 100%).

Nitrite assay

Nitrite, a stable product of nitric oxide (NO) in
aqueous solutions was measured in the incubation
medium with Griess reagent [18]. RAW 264.7 cells (5
x 10* cells/100 pl/well) were cultured (triplicates) in
96 flat-bottom-well plates (Becton Dickinson
Labware, USA) for 24 h at 37°C, with 5% CO, to the
cell's adherence. After this, the cells were incubated
for 24 h with LPS (1 pg/ml) in the absence or pre-
sence of different concentrations of samples
(EEPpg, DEPpg and HEPpg) at 37°C with 5% CO2.
Then, 25 pl of the supernatant of each well was
transferred to another plate, 25 pl of sulphanilic acid
(10 mg/ml) were added, and the plate was incuba-
ted for 10 min in the dark. Thereafter, 50 pl/well of
N-(1-naphthyl) ethylenediamine (1 mg/ml) were
added, the plate was incubated for 10 min and
finally, the absorbance was read at 550 nm (micro-
plate reader uQuant, Bio-Tek Instruments, Inc.). The
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results were expressed as nitrite concentration
obtained from the standard curve built using a
solution of sodium nitrite or as the percentage of
inhibition of nitrite production relative to the
control.

Air pouch model

The pouch was created by a sterile air injection of
5 ml in the mouse back and maintained by 3 ml
injection of sterile air three days after the first one
[19, 20]. In the sixth day, one hour before the
administration of 1 ml carrageenan 1% into the
cavity, different doses of extracts (100 il) prepared
with the vehicle were orally administrated. One
group received the vehicle (control), and another
was treated with the control drug Indomethacin
(Indo, 10 mg/kg b.w.). Four hours after carrageenan
injection, the animals were killed in a CO, chamber;
air-pouch was injected with 1.0 ml of ice-cold physio-
logical saline with 2 mM EDTA; their cavities were
exposed; the exudates were collected; the volumes
were measured, and the total number of leukocytes
determined using a hemocytometer. The air pouch
tissues were removed, photographed and proces-
sed for histological analysis.

Acetic acid-induced abdominal constriction

Mice were pre-treated with extracts or 100 mg/kg
ASA (p.0.) 60 or 30 min, respectively, before intra-
peritoneal (i.p.) injection of 0.6% AcAc (10 ml/kg)
[21]. The nociception control group received, p.o.,
equal volume of the vehicle. Control experiments
did not show an altered response due to oral
administration of the vehicle in this concentration.
The number of writhes, defined as a sequence
beginning with arching of the back, contraction of
the abdomen, twisting of the trunk and/or pelvis,
and usually ending in the extension of the limbs,
were observed for 10 min beginning 5 min after
acetic acid injection [22]. Antinociceptive activity
was detected as a reduction of the writhing number
exhibited by treated mice compared with the
control group (% pain inhibition).

Gas chromatography-mass spectrometry

Extracts were analyzed by gas chromatography-
mass spectrometry (GC-MS). Qualitative analysis
were conducted in a GC-MS QP2010 Plus Shimadzu
(70 eV) apparatus with a Rtx®- 5MS fused silica
capillary column (30 m x 0.25 mm X 0.25 pm). The
operating temperatures were as follows: injector
260°C, detector 200°C and column oven 50°C up to
290°C (3°C/min). Helium at 1 ml/min was used as a
carrier gas. Mass spectral fragmentations obtained
were compared to the data bank of National
Institute of Standards and Technology (NIST 05)
library and with the literature [23-27].

Statistical analysis

Results are presented as mean values * S.D. Data
were subjected to analysis of variance (One-way
ANOVA) followed by Tukey’s or Dunnet test, as
appropriate, using GraphPad Prism 5. Differences
between groups were considered significant at a
level of p < 0.05. IC,, values (concentration that
reduces 50% of control group response) were
determined by non-linear regression.

Results

Effect of P. polygalaeflorus extracts on cytotoxi-
city and on nitric oxide production by RAW 264.7
cells

The NO production by RAW 264.7 cells was
stimulated with LPS for 24 h, showing 29.7+ 3.0 uM
(Figure 1 A-C). All extracts presented significant
inhibitory action on this inflammatory mediator
production. EEPpg (Figure 1A) significantly reduced
the NO production by 41.0%, 69.7%, 95.0 % and 91.3%
at 10, 20, 40 and 80 pg/ml, respectively. DEPpg
(Figure 1B) also inhibited the NO production by
40.2%, 69.2%, 88.5% and 93.6%, at same concentra-
tions. HEPpg (Figure 1C) significantly inhibited the
production of nitrite by 35.7%, 50.2%, 64.3%, 92.7%
and 97.1%, at concentrations of 1, 10, 20, 40 and 80
pg/ml, respectively.
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The concentration of EEPpg, HEPpg and DEPpg
which reduces 50% of NO production (IC;,) were
11.93 pg/ml, 6.02 pg/ml and 11.86 pg/ml, respecti-
vely. In order to assess whether the inhibition of
nitrite production was correlated with the extract's
cytotoxicity, the RAW 264.7 cells viability was
assessed with different concentrations of each
extract (Figure 1 D-F). EEPpg (Figure 1D) DEPpg
(Figure 1E) and HEPpg (Figure 1F) showed a signifi-
cant decrease of the MRA, mainly at 40 pg/ml, with
viability inhibition indexes of 42.6%, 46.9%, and
41.5%, respectively.

Despite the presence of cytotoxic effects of both
extracts at 40 pg/ml, this concentration and lowest
ones have induced higher inhibition levels on NO
production than on the cell viability, which strongly
suggest that are associated with the anti-
inflammatory potential of extracts.

see Figure 1

Evaluation of anti-inflammatory potential of
extracts

The total number of leukocytes that migrated to
the inflammatory cavity was determined.
Carrageenan injection induced inflammatory cell
migration to the air pouch cavity in the control
group, compared with the saline group (Figure 2).
Treatment with the EEPpg (Figure 2A), DEPpg
(Figure 2B) or HEPpg (Figure 2C) reduced the total
number of leukocytes in the exudate at all tested
doses when compared with the control group. The
highest inhibition index was observed with HEPpg
treatment, which reduced between 51.8% and 62.3%
the cell migration to the air pouch. Indomethacin
reduced 69.7 * 3.4% of cell migration into the cavity.

Macroscopic analysis of morphological changes
within the pouch tissues of animals treated with
both extracts were then performed and compared
to the control group. Figure 3 shows the photogra-
phic images of the tissue pouch from representative
animals from each group. The control group,
treated with vehicle (Figure 3B), showed inflamma-
tory signs as redness, vasodilation and/or formation

of new blood vessels, which was not exhibited by
the group of animals inoculated only with saline
(Figure 3A). Groups inoculated with carrageenan
and treated with indomethacin, as control drug
(Figure 3F), or with 1 mg/kg EEPpg (Figure 3C),
DEPpg (Figure 3D) or HEPpg (Figure 3E) showed
visible reduction of inflammatory patterns (vasodi-
lation and redness), mainly the HEPpg, whose
histological changes were also evaluated (Figure 4).

Tissue from the control group with the vehicle
(Figure 4B) exhibited an accumulation of leukocytes
in the deepest layer of the pouch in relation to the
saline group (Figure 4A). Treatment of animals with
HEPpg inhibited the inflammatory cell infiltration
into the deepest layer of tissue and reduced the
tissue thickening (Figure 4D), compared with the
vehicle control group (Figure 4B). The anti-
inflammatory signs found in the HEPpg histological
studies were similar to that observed with the
traditional anti-inflammatory indomethacin drug
(Figure 4Q).

see Figure 2,3 and 4

Evaluation of antinociceptive potential of ex-
tracts

The screening of antinociceptive activity of
extracts was performed by the abdominal constric-
tions’ model (Table 1). The control drug AAS presen-
ted maximal writhing inhibition of 45%. The lowest
inhibition was observed with EEPpg (between 22.2%
and 47.4%). The writing inhibition by the DEPpg
remained between 40.9% and 71.9%, and the HEPpg
inhibited 100% of abdominal constrictions at 0.5 and
1.0 mg/kg doses.

see Table 1

Phytochemical analysis

By GC-MS, 17 components were identified in the
extracts (Table 2) representing about 90% of the
total content of extracts; however, only nine
compounds were found in all three extracts (B-
elemene, B-caryophyllene, B-humulene, farnesol,
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6a-hydroxy-7B-acetoxy  vouacapan-14(17)-ene,
methyl-6a,7B-dihydroxy vouacapan-173-oate, 6a-
acetoxy-7B-hydroxy vouacapan, methyl-7B-acetoxy-
6a-hydroxyvouacapan-17B-oate and methyl-6a-
acetoxy-7B-hydroxyvouacapan-178-oate) and at
different relative concentrations.

The extracts are composed mainly by sesquiter-
pene hydrocarbons, oxygenated sesquiterpenes
and furan diterpenes. Sesquiterpenes from HEPpg
are mainly B-elemene, B-caryophyllene, spathulenol,
caryophyllene oxide and farnesol (46.08%).
Sesquiterpenes from DEPpg and EEPpg are mainly
B-elemene, B-caryophyllene and germacrene D,
which constituted 34.88% and 39.97% of total
compounds, respectively. Furan diterpenes with
vouacapan group are present in HEPpg, DEPpg and
EEPpg extracts, constituting 39.36%, 49.10% and
41.73% of the compounds, respectively.

see Table 2

Discussion

The inflammatory response is a defense mecha-
nism evoked by body tissues in response to injury or
microbial invasion and is characterized by redness,
heat, pain and swelling [28]. During this process,
pro-inflammatory mechanisms are offsetted by anti-
inflammatory regulatory pathways, making it self-
limiting. However, many diseases can be developed
from or accompanied by excessive inflammatory
processes, and can constitute, on its own a source
of discomfort thus requiring treatment. The medici-
nal plants owe their anti-inflammatory activities to
their phytochemical constituents, interfering at a
different level on the response, such as diminishing
pro-inflammatory mediator's release (e.g. cytokines,
NO, bradykinin), inhibiting complement activation
or reducing leukocyte migration to inflammation
sites, etc. [29, 30].

We, firstly, compared the extract effects on the
NO production by RAW264.7 cells and their respec-
tive cytotoxicities. NO is a low-molecular-mass
soluble mediator involved in many physiological
processes and produced, during inflammation, by

activated inflammatory cells, especially macropha-
ges and neutrophils. The NO pro-inflammatory
activity involves pro-oxidant action and vasodila-
tion, important feature for leukocyte migration to
the inflammatory site. Excessive NO production
promotes DNA damage, protein structure changes,
cellular function alteration, mitochondrial respira-
tion dysfunction and cell death, resulting in di-
sease's development and organ failing [31, 32].
Therefore, NO is one of the several targets for
development of complementary and alternative
medicines to treat chronic inflammatory diseases
and cancer [33].

In this work, the NO production by RAW 264.7
macrophages was stimulated by the E. coli
Lipopolysaccharide (LPS) [34, 35] and this result
showed a significant increase in NO production,
according to literature data [36]. All extracts sho-
wed significant anti-inflammatory potential, redu-
cing the in vitro production of this vasodilatation
mediator. However, comparatively, the EHPpg
showed a higher inhibitory effect than the other
extracts, presenting the smallest IC,,. The extracts
showed very similar cytotoxic potential, but it is
important to note that significant inhibition indexes
on NO production, at lower HEPPg concentrations
induced low cytotoxic effects. The discovery of NO
inhibitors, thus, may represent a significant thera-
peutic advance for inflammatory diseases. Our
results are in agreement with those from other
groups that also exhibited inhibition of NO produc-
tion by another plant extract as a mechanism of its
anti-inflammatory activity [36, 37].

The anti-inflammatory effects of the Pterodon
polygalaeflorus extracts were also compared using
an in vivo inflammatory response, the air pouch
model, described by Sedgwick et al. [38]. The air
cavity, induced by sterile air injection on the back of
rodents, works as an exudate reservoir containing
cells and mediators, which can be collected and
analyzed [39]. The introduction of carrageenan in
this cavity induced an inflammatory response in the
vehicle group, showing a high number of inflamma-
tory cell infiltrated (Figure 2), according to the
literature [19], vasodilatation, redness and fibrin
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deposition (Figure 3), and leukocyte infiltration in
the deepest layer of air pouch tissue (Figure 4), as
compared with the saline group. These aspects of
inflammatory response are similar to those of
chronic inflammation in a rheumatoid joint [40]. As
blood neutrophils represent the first cells to mi-
grate to the inflammatory site [41], these cells
represent the major cell type in the air pouch cavity
of the vehicle group. HEPpg was the most effective
extract in the in vivo model, showing the greater
inhibitory index (62.3%) of leukocyte migration to
the inflammatory cavity, at all concentrations
tested, similar to that observed by Indomethacin
(69.7%) group (Figure 2). Treatment with 1 mg/kg
HEPpg also reduced the vasodilation and redness
(Figure 3) and the tissue inflammatory infiltrate

(Figure 4).

Therefore, it may be suggested that the decrease
of the NO production, with consequently, reduced
vasodilation and blood vessel permeability, may be
contributing to the inhibition of leukocyte migration
to the inflammatory site. Besides, modification in
the activation level of adhesion molecules in leuko-
cytes or endothelial cells, reduction of pro-
inflammatory cytokines or increase of anti-
inflammatory cytokines may also be contributing to
the anti-inflammatory action of P. polygalaeflorus
extracts.

In mammals, potentially aggressive stimuli
coming from the external environment are detec-
ted by specialized structures in the peripheral
nervous system, called nociceptors. An injured or
inflamed tissue generates numerous molecules
activating nociceptors [42]. The antinociceptive
properties of different extracts were evaluated by
the writhing test because it has been widely used as
a screening tool for search of analgesic or anti-
inflammatory new agents [43-45]. The acetic acid in
peritoneal cavity causes local irritation and triggers
the release of several mediators such as bradykinin
(BK), substance P (SP), prostaglandins (PGs), and
also the release of some cytokines such as TNF-a, IL-
B 1 and IL-8, by peritoneal residents macrophages
[46, 47]. The number of abdominal contortions was
inhibited by all extracts of P. polygalaeflorus, with

HEPpg exhibiting the higher antinociceptive effect
(100% inhibition of abdominal constrictions). These
results suggest that the antinociceptive effect here
observe may be related to inhibition of pro-
inflammatory mediators or both types of mediators,
whose production is induced by acetic acid.

Different pharmacological studies with Pterodon
species were developed with hydroalcoholic [9, 13],
ethanol [25, 26, 48-51], petroleum ether [52, 53],
acetone [54], hexane [48, 55-60], and dichlorome-
thane extracts [27], as well as with essential oil [61-
63]. Phytochemical analysis of Pterodon species has
shown the presence of diterpenes [24, 59] and
isoflavones [64] in fruit oil. Furan diterpenes with
several oxidation’s patterns on the vouacapan
skeletons were also identified and isolated from
Pterodon species [24, 48, 53, 59, 65], and their anti-
inflammatory, antinociceptive and antiproliferative
properties [10, 11, 58, 60, 65-69,] have been attribu-
ted to these substances.

In this work, the phytochemical analysis of the
extracts showed the vouacapan derivatives 6a-
hydroxy-7B-acetoxyvouacapan-14(17)-ene; methyl-
6a,7B-dihydroxy vouacapan-17B-oate; 6a-acetoxy-
7B-hydroxy vouacapan; 6a,7p-diacetoxy vouacapan;
methyl-7B-acetoxy-6a-hydroxy vouacapan-17B3-oate
and methyl-6a-acetoxy-7B-hydroxy vouacapan-17p-
oate, which performed a total of 39.36%, 49.10% and
41.73% of compounds present in HEPpg, DEPpg and
EEPpg, respectively. Sesquiterpenes were also
present in these extracts performing 50.97%, 42.73%
and 44.93% of compounds present in HEPpg, DEPpg
and EEPpg, respectively. Sesquiterpenes from
HEPpg are mainly B-caryophyllene (10.1%), B-
elemene (14.01%) and caryophyllene oxide (12.21%),
while from DEPpg are mainly B-caryophyllene
(10.7%), B-elemene (15.93%) and germacrene D
(8.78%) and from EEPpg are mainly B-caryophyllene
(13.42%), B-elemene (15.65%) and germacrene D
(10.05%).

Although antinociceptive and anti-inflammatory
activities of Pterodon species have been commonly
assigned to the vouacapan derivatives, many
pharmacological activities have been demonstrated
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for sesquiterpenes, which were also described in
these extracts. Beta-elemene, present in HEPPg,
DEPpg and EEPpg, protected endothelial cells from
injury induced by hydrogen peroxide [70], suppres-
sed VEGF-mediated angiogenesis [71] and presents
antitumor activity in a broad range of human cancer
cell lines, which is associated with both cell cycle
arrest and apoptosis induction [72, 73]. Beta-
caryophyllene, identified in all three extracts exhi-
bits anti-inflammatory [74], anticarcinogenic [75],
antibiotic [76], antioxidant [77], local anesthetic
[78] activities, as well as antispasmodic effect in an
isolated rat ileum [79].

Some compounds preferentially found in HEPpg,
also show anti-inflammatory and/or antinociceptive
action. Caryophyllene oxide presented central and
peripheral analgesic activity and anti-inflammatory
action [80]. Alfa-humulene exhibited marked anti-
inflammatory properties [81], while immunomodula-
tory activities have been attributed to spathulenol,
also described in Salvia mirzayanii [82]. Finally, the
isoprenoids farnesyl acetate inhibits DNA replica-
tion in HelLa cells [83] and farnesol have been
shown antioxidant, anti-inflammatory [84] and
antinociceptive effects [85].

The highest in vitro and in vivo pharmacological
activities were observed with the HEPpg, which also
presented the lowest content of vouacapan deriva-
tives and the highest concentration of sesquiterpe-
nes.

Literature data with the writing test shows that
6a-7b-dihydroxy vouacapan-17b-oate at 185 mg/kg
produced 91% inhibition by i.p. route [67], 61%
inhibition by s.c. route and 46% inhibition by oral
administration [86]. Also, 6a,7B-
dihydroxyvouacapan-173-oate methyl ester at 30 mg
and 300 mg/kg (i.p.) inhibited 88% and 98% of
writhes, respectively [69, 87]. The 6a,7 B-dihydroxy-
vouacapan-17b-oic acid (i.p.) inhibited 48% of contor-
tions at 400 mg/kg [60]. The mixture of 6a-hydroxy-
7B-acetoxy-vouacapan-173-oate methyl ester and
6a-acetoxy-7B-hydroxy-vouacapan-173-oate methyl
ester (i.p.) produced 76% of inhibition at 300 mg/kg
[88].

So, we can propose that the observed effects of
HEPpg must be due to the synergy of all these
compounds. To reinforce this assumption, isolated
vouacapan derivatives exhibited antinociceptive
activity at concentrations greater than those of
HEPpg used throughout this work (0.5 and 1 mg/kg)
which produced 100% inhibition of writhes.

Conclusion

HEPpg was the extract with the highest anti-
inflammatory and antinociceptive actions and
comparison with literature data suggests a synergy
of compounds due to higher antinociceptive activity
with a lower dose than that observed with isolated
vouacapan derivatives.
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Figure 1: Effects of EEPpg (A, D), DEPpg (B,E) and HEPpg (C, F) on the nitric oxide production (A-C) and cytotoxicity (D-F) of macrophage RAW 264.7

cell line. RAW 264.7 cells (5 x 10° cells/ml) were stimulated with LPS in the absence (control) and presence of different concentrations of extracts for

24 h. The cytotoxicity of the samples was assessed by MTT assay, and the results expressed as percentage of mitochondrial reducing activity (MRA)
in relation to the control culture.
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Figure 2: Effects of EEPpg (A), DEPpg (B) and HEPpg on the total
number of leucocytes in the exudate of the carrageenan-induced air-
pouch model. Inflammation was induced by injection of 1 ml
carrageenan 1% in the air pouch. SW male mice (n = 5/group) were
treated (p.o.) with the vehicle (control), Indomethacin (Indo, 10
mg/kg) or with different doses of extracts prior to injection of
carrageenan. A control group received only saline on the cavity
(saline). The results express mean + SD of three experiments. *p<0.05,
**p<0.01, and ***p < 0.001 in relation to control group by Tukey’s test,
after one-way ANOVA.
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Figure 4: Photomicrographs of air pouch tissues from mice treated with HEPpg compared with control group. (A) Animal inoculated with saline; (B)
Control group with carrageenan; (C) Indomethacin 10 mg/kg; (D) HEPpg 1 mg/kg. Images show histological changes of representative animals of

each group. H&E-stained 5 im sections ( x 100 magnification).

Group/dose wiithi ETFpE Writhi iz Writhi i
A s[')“g % inhibition . s[')"g % inhibition N s[')"g % inhibition
Control 41.9 £ 6.5 = 41.7+£6.5 - 117+ 6.5 -
AAS
100 mglkg 231+ 4.92 44.6 24.0 £ 3.52 42.4 22.9+4.5° 45.0
0.01 mglkg = = = 3 25.0 + 4.7° 40.1
0.05 mg/kg - . p 515 s el 3 1 i 45.8 SiEEGG T 25.3
0.1 mg/kg 22.0+3.7° 47.4 22.0 kg ® 47.4 B0 oy U7 26.5
0.5 mg/kg 32.5+1.7P 22.2 2411 09.42 42.3 oxo® 100.0
1 mg/kg 24.7+ 8.42 40.9 24.7+8.32 40.9 o+o? 100.0
5 mg/kg BT 7 31.5 1.7 £ 6.9 71.9 - =

Table 1: Antinociceptive potential of different P. polygalaeflorus extracts on the acetic acid-induced writhing test.
Values are mean = SD (n=6). °p<0.001 e "p<0.01 in relation to control group ( one-way ANOVA followed by Tukey's test).
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Substance EEPpg DEPpg HEPpg
R.T. % R.T. % R.T. %

copaene’ 27.19 1.01
B-elemene! 27.95 13.42 27.95 10.17 27.95 10.10
caryophyllene’ 20.09 15.65  20.09 15.03  20.09 14.01
a-humulene’ 30.56 1.29 30.56 1.38 30.56 1.61
germacrene D' 31.75 10.05 31.75 8.78
germacrene B’ 32.42 2.37 32.42 1.81
Spathulenol? 35.75 1.44 35.76 4.72
caryophyllene oxide? 35.94 .12 35.96 12.21
iso-spathulenol? - 30.48 1.09
Farnesol? 41.36 2.15 41.36 2.10 41.36 5.04
farnesyl acetate? 45.64 1.18
6a-hydroxy-7B-acetoxy vouacapan- 72.50 242 72.49 1.20 72.51 1.10
14(17)-ene3
methyl-6a,7p-dihydroxy 73.02 3.54 73.02 4.25 73.04 7.18
vouacapan-17f-oate3
6a-acetoxy-7f-hydroxy vouacapan3 73.85 10.12 73.86 9.97  73.86 6.09
64a,7p-diacetoxyvouacapan’? 74.80 0.80
methyl-7B-acetoxy-6a- 75.09 7.55 75.09 8.01 75.10 7.79
hydroxyvouacapan-17p-oate3
methyl-6a-acetoxy-7p- 75.92 17.60 75.93 25.67 75.94 17.20

hydroxyvouacapan-17p-oate3

Table 2: Chemical composition of different P. polygalaeflorus extracts. Sesquiterpene hydrocarbons’, oxygenated
sesquiterpenes?, and furan diterpenes>.
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